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Abstract 
An innovative wideband micro-machined terahertz (THz) sensor operating at room temperature is presented. By means of 3D 
finite element method (FEM) simulations, the original design of M. Golay was miniaturized and modified by the introduction of 
a second absorbing membrane providing simultaneously an inherently integrated capacitive read-out. With a help of advanced 
multi-objective design tools, the sensor design was optimized in terms of linear dimensions, material’s electrical and mechanical 
properties. Feasibility of the final structure and its tolerance to parameters variation during the fabrication was assessed through a 
Monte-Carlo analysis. The optimized sensor promises a bandwidth of 3.5 THz (0.5-4THz). 
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1. Introduction 
In order to extend technology into the THz part of the electromagnetic wave spectrum, THz detectors are 
required. Previously, extremely low-noise cryogenically cooled receivers for ground-based [1], space [2] and 
airborne [3] radioastronomy instrumentation were completely dominating technology development for this part of 
electromagnetic spectrum. For instrumentation, to achieve the required sensitivity, superconducting technology is 
used, requiring cryogenic temperature and thus lacking portability and ease of operation.  
In more recent time, new applications, such as robotic vision, traffic control, medicine and bio research, push 
raising interest to moderate-sensitive receivers operating at room temperature in the 100 – 3000 GHz frequency 
range [4]. Further, a strong interest to multi-pixel systems of sensors at this frequency range is a growing activity 
with multiple possible applications including, e.g., low-resolution visualization applications [5-7] 
More specifically, for frequencies above 600 GHz to 3THz, there are not so many options for moderately 
sensitive sensor element operating at room temperature, but even less that could be used as a base of multi-pixel 
receiver and allowing visualization radio-image in real time. Yet, miniaturization via employing of the 
micromachining offers new opportunities and capabilities to the existing resources due to the utilization of scaling 
laws for new effects and better performances; e.g., it cuts down the transport time of mass and heat due to short 
 
* Corresponding author. Tel.: +46-(0)31-7721846; fax: +46-(0)31-7721801. 
 E-mail address: vincent.desmaris@chalmers.se. 
Procedia 
Chemistry  
1876-6196/09     © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.293
Procedia Chemistry 1 (2009) 1175–1178 
Open access under CC BY-NC-ND license.
 distances. Thus, micromachining and lithography technologies have made it possible to fabricate ultrathin, flexible 
membranes that are emerging as critical elements in various sensing devices, such as acoustic, chemical, pressure 
and thermal sensors [8]. In this paper, we present the design, simulations and optimization of an innovative THz 
micro sensor based on Golay-cell principle, intended to be operated without any cooling, which could be easily 
integrated into an array (so called, THz camera). 
2. Detector design and modeling 
In a Golay-cell, a moderately sensitive but broadband thermal sensor [9], the incoming electromagnetic radiation, 
infra-red (IR) or THz, is absorbed by a membrane, which warms up a gas cell thermally coupled to it. The gas, in 
turn, expands due to its heating resulting in the deformation of the absorbing membrane. The magnitude of the 
membrane deflection is then read out giving a measure of the input signal.  
In our proposed design (Fig 1), employing Golay-cell principle as well, a second rigid absorbing membrane is 
introduced to overcome critical issues and system restrictions, such as maximizing absorption over a broad 
frequency band (e.g., 0.5-4 THz as in our design) and at the same time minimize the gas volume. Moreover, placing 
such a cell within a circular waveguide structure provides also moderate frequency selectivity and allows the 
absorption of THz waves with all possible polarization.  
The somewhat intuitive detection mechanism involves several phenomena working sequentially, which should be 
connected via appropriate physics. First, electromagnetic theory is used to describe the interaction between the 
incoming EM wave with the cavity consisting of the two membranes with embedding structure and providing the 
membranes heating. Then classical heat transport and gas thermodynamics are used to model the heat transfer from 
the membrane to the enclosed gas cell and its expansion. Finally the top membrane deflection due to the gas 
expansion or pressure build-up is modeled using structure mechanics. The relative variation (γ) of capacitance of the 
plane capacitor formed by the two absorbing membranes between their resting and deformed configuration is used 
as a read-out which also presents the advantage of being impervious to external temperature variations.  
 
 
Fig. 1. (a) cross section of the detector structure (b) 3D conceptual picture of the detector . 
3. Simulations 
Due to the complexity and multiphysics nature of the system, it would be practically impossible to describe the 
system analytically. Therefore, finite element method was employed. Agilent’s Electro Magnetic Design Systems 
(EMDS), was used for investigating, designing and optimizing the 3D electrically small electromagnetic systems. 
Comsol Multiphysics® was then utilized to couple different physics together, and finally using the multi objective 
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 genetic algorithm implemented in modeFRONTIER®, the overall micro-sensor structure was optimized for 
maximum relative variation (γ) of the capacitance between the two membranes. 
From an electromagnetic point of view, the geometry of the detector can be considered as a one port device. One 
RF simulation port was assigned at the top of the detector cavity, whose walls and back-short were assumed to be 
perfect electrical conductors. With this configuration, the scattering parameter S11, which is a measure of the 
reflection occurring in the structure, provided an indirect measurement of the THz absorption of the system, since no 
transmission is possible. Various materials with different properties were simulated; the semiconductor membrane 
doping levels, film thicknesses, and intermediate distance between the two absorbing membranes were varied in 
order to optimize the RF performance of the structure for with respect to absorption over a bandwidth as large as 
possible (Fig. 2). In fact, the impedance matching and absorption in thin films are critical in order to later maximize 
the generated heat in the thin film for the proposed modernized Golay cell sensor, since the absorbed radiation will 
be used as the heat source. 
The EMDS simulations were used to calibrate the Comsol multiphysics® RF simulations, in order to be able to 
run all further simulations in Comsol multiphysics®, which presents the advantage of being scriptable. The 
geometry was designed in 3D, the modules involved were the moving mesh module, structural mechanics module, 
RF module and heating module. The initially EMDS-optimized positions and properties of the absorbing 
membranes were used as a starting point. In the Comsol multiphysics® the RF module, an input port was located 
above the top of the flexible membrane and a variable port power of typically few µW was assigned. The walls of 
the cavity were defined as perfect electric conductors; hence there are no losses in the cavity walls. The Comsol 
multiphysics® general heat module is then assigned with the proper boundary conditions; the cavity walls and 
bottom were set to a constant temperature of 300 K. The heat module was coupled to the RF module so that the 
solution from RF module is used in the heat module. From the heat module an average temperature is calculated 
with help of built in functions. The mean pressure is calculated from the ideal gas law. The capacitance is calculated 
assuming the parallel plate approximation. 
  
Fig. 2. cross section of the detector structure  Fig.3. Sensor performance 
Finally, modeFRONTIER® was used to perform the optimization of the detector structure for maximum 
membrane deflection and maximum relative capacitance variation (γ), might results from several trade-offs induced 
by the multiphysics nature of the system. The simulated performance of the optimized sensor is presented on Fig. 3 
and shows a good agreement and correlation between the absorbed RF power and sensor read-out. Furthermore, the 
optimized and robust sensor demonstrates a bandwidth of 3.5 THz (0.5-4THz) given that it is possible for a 
capacitive readout to sense a capacitance variation of 10%. 
The sensor design is very tolerant against process uncertainties and material property variations.  This was 
assessed via performed Monte-Carlo simulations. In these simulations, the thicknesses of the membranes were 
varied randomly with 5 percent of their optimum values, whereas their positions in the waveguide structure were 
allowed to differ by a maximum of 2 percent from their designed values. The spacing between the membranes and 
the total cavity height were allowed to deviate by at most 4 and 2 percent respectively from their optimized values. 
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 The robustness test preformed with a total of 550 different structures, with parameters randomly generated within 
the above specified ranges. Fig. 4 illustrates the obtained response of these structure at different frequencies and 
shows that the optimized parameters yield a robust design since almost all structures yield a relative capacitance 
variation (γ) of about 10% or larger. 
 
Fig. 4. Robustness Monte Carlo simulation of relative capacitance variation (γ) distribution at (a)800 GHz, (b) 2THz and (c) 3.5 THz. 
4. Conclusions 
By means of 3D finite element method (FEM) simulations using commercial software, the original design of M. 
Golay was miniaturized and modified by the introduction of a second absorbing membrane providing at the same 
time an integrated capacitive read out. We developed a complete multiphysics 3D FEM model of a micromachined 
THz sensor based on the Golay-cell principle. With a help of advanced multi-objective design tools, the sensor 
design was then optimized in terms of linear dimensions, material’s electrical and mechanical properties. Feasibility 
of the final structure and its tolerance to variation of the parameters was assessed by means of a Monte-Carlo 
analysis. The optimized sensor promisses a bandwidth of 3.5 THz (0.5-4THz) given that it is possible for a 
capacitive readout to sense a capacitance variation of 10%. 
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